In E. coli an ATPase which was slightly activated by Na+ and K + and inhibited by Strophanthin has been described 2 but has not been confirmed by other workers 3. This ATPase activity was so slight, however, that it could not be responsible for K + transport as is the case in animal cells 4. We found a slight activation of the E. coli ATPase by NaCl at pH 7.5, but no inhibition by 10 3 M Strophanthin5. Roisin and Kepes6 reported slight inhibition of Na+ and K + at pH 7.5. At pH 8.7 the activation of the ATPase produced by Na+ or K + was greater, and the degree of activation depended on the anion present2. Evans7, however, found an inhibition of the Mg-ATPase by Na+ and K + in Tris HC1 at pH 9.1 which was characterized as an allosteric inhi bition 8. The degree of inhibition was also depen dent on the anion 9. These differences were unsatis factorily interpreted as being due to different strains of bacteria employed, growth conditions, or allotopy 9. In the present series of experiments, however, we were able to show that these apparent discre pancies were produced by differences in the Mg:ATP ratio used by the various authors. The E. coli ATPase is involved in the anaerobic K + transport10.
The K + transport in E. coli was inhibited by the diuretic ethacrynic acid10 which inhibits animal ATPase11. The inhibition of K + transport was Requests for reprints should be sent to Professor Dr. T. Günther, Zentralinstitut für Biochemie und Biophysik, D-1000 Berlin 33, Arnimallee 22. augmented by N aC l10. For comparison, we exa mined the effects of inhibitors and of salts on the ATPase of E. coli.
Material and Methods
The culture of E. coli B 163 and its {(^-depen dent mutant B 525 was described earlier 5. Isolated cell membranes of E. coli B 163 and B 525 were pre pared according to Evans 
1.

ATPase determination
The ATPase was assayed at 37 °C in a shaking water bath in 1 ml samples with 5 m M Tris ATP [other conditions see legends]. The incubation time was 20 min. The protein content of the samples was held constant at 200 jug. Under these conditions the ATPase activity was linear with respect to time.
The reaction was stopped with 0.5 ml 15% cold TCA. After centrifugation, double determinations (0.5 ml each) of the inorganic phosphate in the supernatant were made according to Fiske and Subbarow12. The protein content was determined ac cording to Lowry et al. 13 When Mg is replaced by Ca, the following pheno mena are observed ( Fig. 2) : A pH optimum which is shifted toward higher pH (Curve 1), a sharp in crease in activity which is displaced towards alka line pH, when the ratio of Ca to ATP is 1:5 (Curve 4). KC1 only inhibits the Ca-ATPase (Curve 2, 5). These results are identical to those of Evans 7' 9. The addition of 0.3 M sodium acetate activates the Ca-ATPase at a Ca concentration of 5 m M (Curve 3) and activates or inhibits at 1 m M Ca dependent on pH (Curve 6 ). The Mg-ATPase is also activated by sodium acetate. The membrane preparations contain acetate kinase (E.C. 2.7.2.1), however, and the acetyl phosphate which is specifically synthesized from Mg, ATP, and ace tate is largely hydrolysed under the experimental conditions (deproteinization with TCA and P 0 43-determination). In control experiments, the activity of the acetate kinase was as high as 1/3 of the total Mg-ATPase activity in the presence of 0.3 M sodium actetate, so an activation of the Mg-ATPase by acetate was not demonstrated. The activities of the MgATPase in the presence of sodium acetate reported by other investigators 1> 2' 9-15,16 using comparable ATPase preparations must be re-examined in light of this effect. Since the acetate kinase of E. coli is inactive with Ca (unpublished), the reported activa tion of the Ca-ATPase by sodium acetate is correct (Figs 2 and 5) .
Results
Dependence of ATPase activity on pH and ion concentration
Effects of anions
In the preceeding section we suggested that the Mg-ATPase can be activated by chloride when Mg/ ATP is 1. This is supported by the observation that the Mg-ATPase activity in Tris Cl-buffer increases with increasing buffer-and thus Cl~-concentration ( accompanied by increasing inhibition which is stronger with Ca than with Mg.
The same result is observed with the addition of increasing concentrations of alkali chlorides ( Figs  4 and 5) , the alkali cations being slightly more ef fective than Tris Cl. So it is possible that the alkali cations are also somewhat active. The activation by alkali chloride is especially pronounced at pH 9.1. When a Hill plot of this activation at pH 9.1 is made (after subtracting the activity without salt), the value for n is 0.9.
To further characterize the effects of anions, we tested various salts at a concentration of 0.3 M . Table I confirms the results just described and also 
Eßect of the Mg or Ca concentration on the ATPase
It was shown in the preceeding sections that the pH-dependence and the effects of salts on the acti vity depend on the ratio of Mg or Ca to ATP. the Mg : ATP ratio (see Table II ) . This rule is also applicable to the ATPase of S. aureus 16, S. faecalis21, Micrococcus lysodeikticus22, Bac. megaterium 23 (Table I I ) .
Effects of ethacrynic acid and inhibitors
The effects of ethacrynic acid, azide and DCCD on the Mg-ATPase are shown in Ca-ATPase is affected in the same manner, although the control values are different (see Table I ). The results for the Ca-ATPase were therefore not pre sented. In general, inhibitors are either less effective at pH 7.5 than at pH 9.1 (pCMB [not shown], azide and DCCD) or they do not inhibit at all at pH 7.5 (ethacrynic acid and NEM in agreement with 20, not shown). DCCD is still the strongest inhibitor of the ATPase at pH 7.5. The effects of inhibitors at pH 7.5 are not significantly influenced by KC1, at pH 9.1, however, alkali chlorides are effective. Three different patterns at pH 9.1 were seeen: 1. Ethacrynic acid and DCCD did not inhibit in media with 5 m M Mg and without KC1. When the ratio of Mg: ATP was 1: 5, there was only slight inhibition of the ATPase. In the presence of 0.3 M KC1 there was strong inhibition at both Mg-concentrations. As DCCD also inhibitis aerobic K + -transport in the presence of NaCl which is independent of ATPase 10, DCCD is no specific ATPase inhibitor.
2. The definite inhibition by pCMB was not ap preciably changed by KC1 (not shown).
3. The inhibition of the ATPase by azide (Fig. 9 ) was reduced by KC1. Thus a quantitative comparison of the inhibitor effect by various workers is only possible when pH, salt-and buffer-concentration are identical.
Substrate specificity
The membrane preparation only splits ADP at 20% of the rate it does ATP. The splitting of ADP has the same pH-dependence and the same sort of sensitivity to salts and inhibitors as ATP hydrolysis. Hydrolysis of ADP by purified ATPase was reported by Giordano et al. 24 
ATPase activity in B 163 and the K-deficient mutant B 525
In agreement with earlier results5, we found under all conditions no differences between the ATPase from the two strains.
Discussion
The experiments were performed with isolated membrane vesicles for better comparison with studies on the E. coli membrane ATPase by various authors, to clarify the discrepancies in the effects of salts and for comparison with K + transport experi ments. We also wished to prevent allotopic changes which may occur when the ATPase is released from the membrane and a possible loss of ATPase be Mg and Ca have a biphasic effect at weakly alka line pH. The activity peak at 1 mM Mg or Ca (with 5 mM ATP) could be due to an effector action by the Mg or Ca. (Mn and Sr did not have this effect.) If this is so, low concentrations of Mg and Ca must bind to a center on the surface of the enzyme and activate it, while higher concentrations (to 5 mM) bind to another site and inhibit the enzyme. This inhibitory site is probably at the enzyme protein, since purified E. coli ATPase also had an activity peak at a Mg : ATP ratio of 1 : 5 14. This activity peak can be suppressed by adding salts. The anion is probably responsible, since different salts such as alkali chlorides or Tris chloride inhibit.
The same chaotropic sequence of the anions tested is observed with the Mg-and Ca-ATPase activities.
Activation or inhibition is due to a change in Vmax at a constant Km value (not shown). From this it could be inferred that the number of substrate sites or the velocity of the reaction at the active center is changed by the salts. The activation by salt fol lows Michaelis-Menten kinetics or an adsorption iso therm. This could mean that few salt molecules (anions) react reversibly with the enzyme. The reaction could be with a site on the protein which is especially reactive at alkaline pH. It is also possible that the chaotropic anion effect is due to a change in the lipophilic character of the water 19 or a change
